Introduction
Natural rubber is an essential material to the manufacture of 50,000 different rubber and latex products. A steadily increasing demand cannot be met only by the industrial exploitation of the rubber tree (Hevea brasiliensis). Viable alternative crops that could be established may supplement the demand, with carbon footprint savings, which is currently supported by diverse synthetic rubbers (Cornish, 2017) . Rubber dandelion (Taraxacum kok-saghyz) is currently being developed as a sustainable source of natural rubber.
Thus, a robust metabolomic, genomic, and transcriptomic characterization should advance in parallel to explore the biological landscape of this important natural resource (Zhang et al., 2017 ). An additional aspect of this process is the exploration of potential microbes that could be associated with rubber dandelion. There are studies reporting the incidence of a virus in the related common dandelion (T.
officinale), the Dandelion yellow mosaic virus (Secoviridae; Sequivirus - Bos et al., 1983) . In addition, T.
officinale has been described to be a reservoir host of important viral disease agents such as Tomato ringspot virus (Secoviridae; Nepovirus - Mountain et al., 1983) , and Tomato spotted wilt orthotospovirus (Tospoviridae; Orthotospovirus - Groves et al., 2002) . Interestingly, there are no reports describing viruses associated with rubber dandelion. Several members of a relatively new family of plant viruses have been identified in the last decade (Sabanadzovic et al., 2009) . Amalgaviridae viruses are conformed by a dsRNA genome, containing two overlapping ORFs and an apparent common evolutionary history.
Amalgaviruses are persistent, appear to be cryptic, share the genome architecture of Totiviridae and gene evolutionary resemblance to Partitiviridae (Martin et al., 2011) . In this report, we present the characterization of two novel tentative members of the Amalgaviridae family and the Amalgavirus genus, the first viruses associated to T. kok-saghyz.
Materials and Methods
The first T. kok-saghyz transcriptome and associated reads as described by (Luo et al., 2017) were used as input for virus discovery. This transcriptome was produced from total RNA extracted from of 6 month old root samples of T. kok-saghyz of individuals of 6 different genotypes characterized by different rubber yields at The Ohio State University, and sequenced by Illumina Hiseq2000, obtaining 357,694,286 paired-end reads 100bp reads (GenBank accession numbers: genotype TK6 (SRR5181667); TK9 (SRR5181665); TK10 (SRR5181664); TK14 (SRR5181663); TK18 (SRR5181662); TK21 (SRR5181661)). The sequenced reads were quality evaluated using the FASTX-Toolkit, with a cut-off 
Results
The first publically-available RNA-Seq based T. kok-saghyz transcriptome, which was developed from pools of roots of genotypes with high and low rubber yields (Luo et al., 2017) , was subjected to bulk BLASTX-NCBI searches using as query the complete virus refseq database. Interestingly, two transcripts presented consistent sequence identity to the Amalgavirus Southern tomato virus (Sabanadzovic et al., 2009) region with high probability of coiled coil as part of its tertiary structure, as is prevalent in Amalgaviridae . It is worth mentioning that the predicted forms of potential slippery sequences of RdLV1 & RdLV2 are of the general form UUU_CGN, similar to the experimentally validated sequence of influenza A virus (Firth et al., 2012) . Theoretically, the ribosome may stall on a slippery sequence, making a pause at a rare codon (such as CGN = R) for which scarce tRNAs might be available. This pause may lead to a movement forward of one nucleotide. Translation resolves on the advanced ribosome in the +1 frame (Figure 1.B) . This phenomenon has been predicted to be widespread among most plant amalgaviruses . RdLV1 & RdLV2 share a 55.9 % genome nt identity and a 49. (proposed genus Zibavirus -ZbvZ) (Depierreux et al., 2016) , is consistently low, supporting that both RdLV1 & RdLV2 could be members of the Amalgavirus genus.
To confirm the presence of the identified viruses and explore their preliminary prevalence, we investigated six independent root total RNA samples of T. kok-saghyz which were individually sequenced by Illumina Hiseq2000 generating over 291 million 100 bp pair end reads, ranging between 5.2 Gb to 6.7
Gb per sample. Interestingly, the presence of the cognate viruses was confirmed in five of the six samples by iterative mapping of sequencing reads to the reference transcripts of RdLV1 & RdLV2 (Figure 2 .D).
Virus relative RNA levels varied among samples, ranging from 3.69 FPKM for RdLV1 in TK-R14, to 12.11 FPKM for RdLV2 in TK-R6. In addition, in the TK-R18 sample, only RdLV2 was found, and both viruses were absent in TK-R21, suggesting that RdLV presence is dynamic and that mixed infections, whilst common, are not necessary. De novo assembly of the raw RNA data and further identification of RdLV isolates on the diverse samples were carried out in order to address preliminary virus diversity.
Sequence variants among samples were reduced, presenting a high degree of homogeneity. Overall identity among individuals ranged from 98.3% to 99.4%, which was roughly equivalent to the observed intra-individual identity which ranged between 99.2% and 99.5%. A consistent identity among isolates Novel Amalgaviruses of Rubber Dandelion was reported for Blueberry latent virus, when 35 diverse cultivars were assessed and over 99% sequence identity among isolates was observed (Martin et al., 2011) . Additionally, SNP were predicted by implementing the FreeBayes tool (Garrinson & Marth, 2012) , and 259 variants were identified among the CDS of RdLV1 & RdLV2 (Figure 2 .E); 78.37% of the polymorphisms involved the 3 rd position of the predicted codon, suggesting a tentative constraint to avoid amino acid changes and thus maintain structure and functional domains of the respective viruses.
Discussion
Recurrent attempts to transmit Amalgavirus via grafting and mechanical inoculation have failed. In addition, Amalgavirus are very efficiently transmitted vertically via seed (70-90%), and have been associated with symptomless infections in their respective hosts (Sabanadzovic et al., 2010) . The latter is consistent with our observations on tested rubber dandelions, which could not be linked with symptoms or altered phenotypes. Future studies should explore whether RdLV1 & RdLV2 share the biological properties of persistence and exclude potential horizontal transmission. To our knowledge, there are no reports of interspecific transmission of amalgaviruses, and transmission by potential vectors has not been conclusively ruled out. Even though there are only four species of Amalgavirus species recognized by the ICTV, recent reports suggest that the diversity of this family of viruses is much more complex and widespread among plants . The discovery of potentially cryptic viruses has been hampered by the targeted study of symptomatic organisms which lead to the biased discovery of pathogenic viruses (Geoghegan & Holmes, 2017) . Next generation sequencing is unraveling a new multifaceted virosphere paradigm, were viruses are widespread and associated to every organism (Greninger, 2017) . The identified RdLV1 & RdLV2 correspond to the first viruses associated with T. koksaghyz. The molecular characterization of these prospective members of the Amalgaviridae family is a first step on the path to advance the understanding of the intriguing biology of these potential endophytes and their economically important plant host.
-Nucleotide sequence accession number: The genome sequences of Rubber dandelion latent virus 1 & 2 have been deposited in NCBI GenBank under accession no MF197380 and MF197379 
